The problem of patients not taking medications as prescribed, also known as "lack of medication adherence," is widely discussed as an issue related to suboptimal outcomes and excess health care expenditure. Although medication adherence is defined as patients not taking medications as prescribed, there are two elements to it: first, those who fail to follow the medication regimen by skipping a dose or not following the instructions, resulting in poor adherence with prescribed medicines; and, second, the patient who does not take the medication at all or stops after the initial fill. The existing literature contains a lot of studies on the first element, but very little is known about those who stop taking their medication after the initial fill or do not take it at all. In this study, our focus is on identifying patients who fail to refill a prescription for essential medicines, such as asthma-controlling drugs. Using Medicaid claims datasets, this study analyzed a pediatric population diagnosed with persistent asthma that discontinued an essential controlling medication after the initial fill. We found that more than half of this population did not continue their medication after the first fill. While there might be many reasons behind the failure to refill such medications, our data indicate that race/ethnicity, comorbid illness, and type of Medicaid plan are potentially associated with such behavior. Future research is warranted to understand this issue further and identify specific factors causing such behavior, such that strategies may be formulated by which poor adherence can be minimized.
Introduction
Nonadherence leads to morbidity, mortality in chronic disease, and preventable health care costs. [1] [2] [3] [4] [5] Often referred to as noncompliance with medication, nonadherence with medication is defined as the extent to which a patient's behavior conflicts with a physician's recommendation. 1 Nearly three in four Americans fail to follow their doctor's instructions for taking prescription drugs, a problem that is associated with 125,000 patient deaths each year, according to the National Consumers League. 6 Although the effectiveness and benefits of prescription drugs are well known and extensively researched, proper use of medication remains a problem for both patients and providers. 1 While some underuse is the result of underdiagnosis or undertreatment, a good deal is due to patients simply not taking their prescribed medications. 7 While nonadherence with medication is broadly defined as taking less medication than prescribed, most of the research using prescription claims data has focused on determining optimum adherence rates and characterizing patients as adherent based on cutoff points such as 70%-80% refill rate. 8 This research has helped to explain many aspects of lack of optimum adherence; however, very little is known about patients who Dovepress submit your manuscript | www.dovepress.com 9 Being diagnosed with a chronic condition is likely to motivate such patients to get the initial prescription, but over time, it is also likely to weaken the perceived need and motivation, resulting in failure to continue the prescribed regimen.
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In this study, our goal was to identify newly diagnosed patients with asthma who stopped taking medications after their first fill and to identify characteristics associated with this behavior. Asthma affects all age groups, and its influence on the daily lives of patients and their families is enormous. Asthma is a significant public health problem associated with larger functional consequences. 10 The existing literature on asthma points towards significant underuse of asthma medications, particularly the preventive or controller medications, such as inhaled corticosteroids. 11, 12 Despite the treatment guidelines on the importance of using controller medication, underuse is very prevalent. 11 In our analysis, we focused on newly diagnosed pediatric patients with asthma who abruptly discontinued taking their medication after the initial fill. The study population we chose was pediatric asthma patients (age , 16 years) who rely on Medicaid for their health care needs. Because Medicaid is a health program that covers families with low incomes and resources, we hypothesized that these beneficiaries would be very vulnerable to failure to continue medications after initial fill.
Materials and methods
The present study used a retrospective cohort design involving Medicaid data licensed from Thomson Medstat. The data were from multiple states representing each geographical region of the United States. The study population was assembled from Centers for Medicare and Medicaid Services data for 2006-2007. The database incorporates pooled health care utilization data for more than 7 million Medicaid enrollees from 1999. It consists of both outpatient and inpatient medical services. Long-term care claims, medication, and eligibility information for the enrollees are also included in the database. 7 This dataset is frequently used to conduct research on adherence to medication literature. 13, 14 
Study population
Based on the outpatient claims from January 2006 to December 2007, asthma patients aged , 16 years were identified by the presence of an ICD-9-CM code 493.XX in the primary or secondary diagnosis field. Based on analysis of prescription drug records, those on controller therapy between June 2006 and June 2007 were identified by the presence of at least one claim for inhaled corticosteroids, cromolyn, or montelukast. The date on which the first occurrence of a controller medication claim was made was recorded as the index date, and controller drug utilization for 6 months before and after the index date was studied. Patients having no evidence of any controller medication in the 6 months prior to the index date were included in the study ( Figure 1 ). Study participants that were dual-eligible (eligible for both Medicare and Medicaid) were excluded from the analysis.
Measurement and outcomes
The primary outcome of interest in this study was discontinuation of controller medication prescribed after the initial fill. The prescription claims database contained brand and dose information on all prescriptions filled and pharmaceutical claims data. Based on this information, patients were categorized into those who failed to continue the prescription and those who continued their medications after first refill. The data were analyzed using SAS software version 9.2 (SAS Institute, Cary, NC). Descriptive statistics were computed to compare baseline patient characteristics. While continuous data were described by the mean ± standard deviation, nominal values were expressed as percentages. Multivariate modeling was performed to determine the predictive ability of potential explanatory variables for the odds of an asthma patient exhibiting nonadherent attributes.
Selection of potentially predictive variables was based on Andersen's behavioral model of health services use. 
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This model captures health services utilization behavior as a function of their predisposition to use, enabling resources to use, and need to use the health services. This model is widely accepted in the literature on health care utilization research. 13, 14 Use of this model helped to identify variables that may influence utilization behavior. The covariates capturing predisposing, enabling, and need factors include age, sex, race/ethnicity, capitation/fee-for-service, and comorbidity score. The Charlson Comorbidity Index was used to assign a value for pre-existing comorbid conditions. This value is based on 19 comorbid conditions, each of which has a correlated prognostic weight ranging from 1 to 6. A mean Charlson comorbidity score of 1.8 with a standard deviation of 1.4 was calculated from our study population. This index is a widely used validated method for estimating risk of death due to various comorbid conditions. It has also been validated for several other health outcomes besides death. Age was excluded from the computation of our comorbidity score.
Results
The dataset had a total of 7.4 million individuals. Of these, 419,310 were found to be diagnosed with asthma. After applying the inclusion/exclusion criteria, there were 8892 patients who met the requirements for this study (Figure 2 ). Of these patients, 3668 (41.25%) were male and 5224 (58.75%) were female. The study cohort comprised white (n = 3648, 41.03%), black (n = 3393, 38.16%), and Hispanic (n = 242, 2.72%) subjects. The mean age of our study subjects was 7.02 years of age with a standard deviation of 3.87 years (Table 1) . Of the total 8892 patients, 5046 (56%) patients stopped filling their prescriptions after the initial fill.
The bivariate analysis between various characteristics and the dependent variable showed that 5046 patients did not refill their prescription after the initial fill, accounting for 56.75% of the total population. In all demographic categories, such as race, ethnicity, and sex, the percentage of those who discontinued after the initial prescription was significantly higher. Also, regardless of type of plan, higher percentages
Of these patients, a total of 419,310 were found have a diagnosis for asthma Further patients were screened to find 34,134 newly initiated on ICS (no history of ICS prior to index date) Of these cases 14,671 were continually enrolled in Medicaid for the entire study period Patients that were found to be eligible for Medicare were excluded, leaving a total of 12,974 patients Finally, applying the age criterion (age < 6 years), the final sample included a cohort of 8892 patients 
Discussion
Adherence to chronic care medication is a significant problem in the US health care system. The cost burden of nonadherence is estimated to be $100 billion. 19 A significant body of research exists to underline the suboptimal efficacy and financial burden resulting from adherence-related issues. 20 In this study, we focused on a population that discontinues drug use immediately after they are prescribed the regimen, an area that is much less explored. In the study population, we found a significant proportion of patients quitting use of medication soon after the initial prescription. For a condition like persistent asthma, controller medications are extremely useful in avoiding unnecessary worsening of the condition and the resulting cost burden. 21 Even though controller medications do not have any symptomatic relief associated with their use, they are very important in controlling the underlying inflammation which causes exacerbations and worsening of the disease. If such inflammation remains unchecked, it develops into a much more severe form that drives higher costs and reduces quality of life for patients. 22 In light of these facts, a noncompliance rate of 56% among our study population is alarming. Also, the population consisted of children who rely on a safety net for their health care needs. Prior research has shown the vulnerability of this population to comparatively poor health outcomes. One of the potential reasons behind overall poor health could be the very low or absent use of essential prescription medications. Again, we would like to emphasize the fact that this rate does not were noted for those who failed to refill. Table 2 summarizes all the raw numbers and percentages.
A multiple logistic regression model analyzed the relationship between various covariates and the dependent variable, which was failure to refill the initial prescription. Table 3 summarizes the results of this analysis by presenting the odds of failure to refill for various characteristics. The odds ratio for black patients was 0.893 with a 95% confidence interval (CI) of 0.809-0.986. Thus, for a white patient, the odds of failure to refill were 1.12 times larger than the odds for a black patient. The results for Hispanic subjects and subjects categorized as "other" were similar, with an odds ratio of 0.85 (95% CI 0.652-1.108) and an odds ratio of 0.842 (95% CI 0.742-0.954), respectively. The comorbidity score was also statistically significant, with an odds ratio of 0.801 (95% CI 0.73-0.879). In addition, fees-for-service plans submit your manuscript | www.dovepress.com
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Vaidya et al represent a population that has merely low adherence. This rate shows almost no use of asthma controller medications, although patients are actually in need of it. Further, we studied any possible predicting factors contributing to early discontinuations using the variables available in the datasets.
In the analysis to find predictors influencing failure to refill, we found a significant association with race/ethnicity, comorbid conditions, and plan type. In terms of race and ethnicity, we found a higher likelihood among the majority population (whites) compared with minorities of not refilling their prescribed regimens. This is contradictory to the existing research showing lower adherence levels among black patients. It is possible that whites who continue to fill their medications beyond the initial prescription tend to be more disciplined in terms of filling subsequent prescriptions compared with minorities, even though a higher percentage of them belong to the category that does not refill after initial prescription.
It should also be noted that, in some cases, discontinuation of controller medication could have been initiated by prescribers and not by patients in situations such as the medication being observed to have no effects or being prescribed temporarily for seasonal purposes. Therefore, the overall failure rate presented may have been slightly overestimated.
More research is warranted to explore this association and its implications further. Interestingly, the comorbidity score was also found to have an inverse relationship with failure to refill prescription, which may be due to the lack of seriousness towards the treatment because of relatively better overall health characterized by absence of other major comorbidities. This is consistent with the existing literature. 23 In an era of rising health care costs and increasingly complex health care, it is very important to address every single issue that would help to reduce the cost burden by avoiding unnecessary spending. In the case of asthma, emergency room visits and hospitalizations drive all the major costs, 24 so it is extremely important to address issues such as improving appropriate utilization of essential drugs that are considerably less costly to restore or improve quality of life.
Although we tried to adjust for biases associated with the observational data, there were some limitations that are inherent in study designs which are not experimental. The patients included in this study were newly diagnosed with asthma and had a history of at least one prescription fill. This approach might not capture another subsection of the asthma population that never filled a prescription for asthma controller drugs or never filed a claim through Medicaid. Due to the lack of data on prescription records, such as the electronic medical record, we had to rely on administrative claims. Therefore, it should be noted that the results presented here for the proportion of nonusers may be an underestimation of a problem which may be even more alarming. A study using extensive electronic medical record data can reveal such populations as well. Another limitation was that although the dataset for this study came from four states, we could not adjust it for state variations due to lack of a state identifier.
Conclusion
The issue of underutilization of essential prescription drugs is putting a burden on health care and the cost of health care. What is even more worrisome is the lack of use of essential medications. In this study, we found that a significant proportion of pediatric Medicaid patients discontinued their regimen immediately after the first fill. More research and policy changes are warranted to examine and address the problem of patients foregoing their medications.
